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^t^#XUXAh6©|qJ#& N ?V¥BVl7'i)Z J Uh6*mK$-&tzb 
§t3^tM^^X'JXAh6©Bu«iJ©®©^#^^ h^N l£J;tmfI'J©®©*£*£ 
ijMi^ b)VN2<Dxy¥-mm^(DlEm&(D'<? h)lP 1 , P 2©ifc£ttffi#^bl/&0 

-10- 



mw-m\^ ?wftmy*)x&h6(Dmmbm%i±, m4 A~~m4Diz^T£o 

6*s|I]tebTs z#SF(^^e>BTEI4D^c7)^T"^-r{uS. x*fifre>J| 
T04C©&miC;fc£ o HJcB^#^iir££;. ^^tfX'JXAh6tt|I|4D*© 
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(3) i:LT^-rcih^T*^^o 
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Tp = f (wo) /wo 
•C*S©f. ±H35£ (6) £tK 

Lp = K • Yo • cosa ( 8 ) 

AF = - (1/Ao) -dLp/dt 



Fb= (1/Ao) • | dLp/dt | 
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Ry = R I cos/? I 
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<fcD*£&£jfe©#ttfc»b;&^©.T% ^^micmt)mi-fe«>t(i^ (14) §i 

rmax>r (14) 

-^t^»^K-h'7 7^A'ttNA^0. rmax=NA£: 

NA=r max> y = f 2 • (n-1) 0/f 4 

(ii) £Mfct-£?fcL&t;m{;i&5>&^o ^ti&ft/^abmLg&h 1 1 comics 

FlO^0^»±lfl»fcfc{:, ?£©^iUl5) £iifc-f <i£;#<J;^£Li>o 
0. 7 N A> f 2 • (n-1) 4 (15) 
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«0£gg^f 4 Ji^CD^iS (16) *^fe-r^ ttfimz L^o 

0. 5<Di - f 4/ (Do vf 3) <10 • (16) 

ISU D i BXIJ-S M F 8 Ot - >* 7 >f Ki v Dofcfcffl&SMF 1 OCD^e— K 

-©^5£ (1 6) ii, M^lgRhl l©mi*SMF 1 

mi^SMF 1 OCJgSfCD^©^— FgD i fcftmDffiLgPhI lCDfg 
4©IEl/>Xh 9£^LTllft£ft3^<D^/h;**<y MM X (»7^X MMX) Wo 
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Wo = D i • f 4/f 3 

SMF 1 O^M?££^fz£%(Dft(DXmy h XW o t \m S M F 1 0©^- h*7^f- 
;i/ K^D o £T ^ § ti tt— #3 cd#j|^ 0 

Di-f4/(f3-Do) >10t:-&:^^ MSMF1 0 ^fft^-tffc t # © 

D i • f 4/ (Do ■ f 3) <0. 5©i§-£-fcj\ ffifJSMF 1 O^At^T^ 

ftffl tc cfc -DTftft^mmzft; ^'oTOli^ ^ It If fl^X U X A h 6 © A § £ A Y b r 
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AYbr=f 1 • N • AAbr/cos<9 (17) 

OCTi/7rAtll 3fecDM£Di2:^l9©^ji^:i(ig (FWHM) AAJiS-fn 
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ifcmm~$H-mm@jg(c&D v ^-y-tf^XUXAh 6©A^££:3 yn>7 bizt -5^ 

XlcS^tC ^7+Mffl^XDXA 
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t0mmizm^nT^zsMF(DM££Q^ftffi(Dm$timte%Wi^ smf©^ 

*tLT, ttfa{,tiMtblzmm£nfz¥-m7 3 a, 7 3b^e,^ 0 7 3 a, 73b©^ 
!17&#faL£f4®c7)£17 4 a , 7 4 bi5<tt>*7 5 a, 7 5bfr£>&£ 0 

izm *m ij l^ip] bfc®©^ ^{^^ii^-r ^ tiaot, r u XA-@^fc t> £ 
(D7£&®m%Gim.2®->4®tzM-rz:b&T*%, zziz^xtBKDjt&mmzMTz t 

EI 8 d^f £?(::, ^^tW7iJXAh6ii7'J^^4 9MVr'JXA^^5 
Oic&SftlS^tiTl^o 7"'JXA^49liA7'J>^5 la, 5 1 b iz X 0$* S 
S(3/n^^>^*5 2 (3£^£ftTV>&o /\t>*J^VZ 2&0^U&^^:KnJ«^m 
(D^ift-gtzmfe •&g&#>£tiTV>& 0 7'JXA^4 9 (3(«ftX-'J 5 6a#t£tt£> 
ft> ffitt^ h 5 3 £nS£-LT^£ 0 ZtzMftsOl h 5 3 ©«(Cii^ft7-— V 5 6b 
#l8!tt£*U X-'Jtt^>n-^5 7ft#©^-^ 5 5(C^^tl§o g&ftT*- 
U 5 6 afc|±Jt3ttR5 SttWLttt>U7* h<i 5 4T?«^4R©||J[B*tftttJtfS 

^e-* 5 5(3^ *)Mtt7-i) 5 6 b#[I]ij££*i s 5 3 Dftftr— U 

5 6 at:feI^iiXUXA^4 9 #HUEU ^hTStfX U XA h 6 ^HIteldJ4 7 £ >4> 
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•Tctat^bT* ctl^o -r^t»*>, EI 9 J; ?tc s ^itf ff^r U XA h 6 it, 
Oa, 6 0 b*^^§cf3S^^^lx^^E-^©(*i^5 9tzUft • Sl^^tiT^^o d © 

(i^£2 5 7) frbfcMiftimuyttiT'? 6CH^ lg4©SMF 1 3 ^6 
1 4tS^»)feIWi:^ ^^X^3^e>)tgS§Rr^^^9 $ ^ SL ^ 

i 4izm%ftm<DK&mmmcDmzttjfoT%ftffimgft^t-u> bsi^i*i£& 

5i:fM4l:?,o ^OTiHS^^ 1 7, 1 8 N mm7>7°2 3, fl s$#l 2 

4s AD^ww 2 5tJ;>)3>ta-^ 2 7£lfc!3&fro fMUJSg 2 6lz& D^6SS 

-20- 



(ait) 

S o 

a tsijiD >fd-7 &ansiir & c ht\ 9mw^&?t¥&<Ditmm*m.m^r, 
m 2 mmm •. 

mi 0i£m2nmm<DftmMr$mft¥miz&\fzn2(D®$rm?£ *)'&zm<DK¥ 
^2mmm(Dit^§i^it^m±, !g2©iii^te^h8£^3fii#, iion- 
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r >l/>Xhl2t, m2(Dzi->\y>Xh 1 3 ts JE<D'i "7— 4 ©IE U >X h 

9t m*fSMF 1 ot-ei^nti^, 

mimmm^mBMX'iamsMF 1 ot^§^t§fc*t(t amsMF 1 oca 

NA>r 

^bb&l^*K rZZblZ'bg <3itfii£mtifSMF 1 0^©^©^3«#iS<&£ 0 

Xh 9 (3AM-r&7te©Sipi©^SR(c^LT 
r=R/f 4 
©Pf£#fc3o 

bfrU IM©IEb>Xh 9©M^Sgiagf 4*S<1-?,h, 1 fl^#J©^iS 
(3) IcHbTt&BJbfcJ;? fc N ^ 4 ©IEl/ >Xh 9 Tft^^ti^^©g/hX^>y h it 

^x h-y-^rx) wo^k^otljk ^^*^ie<-r^i^#T§^ 

b*>U ^Mi&^bT^4©IEU>Xh9-\A^-r-g)^©Stt(D^@R^, flU 
CT1 1 bT-^-Tcfco <-T^>cii:^T-#*i«S4(7)IEl/>X9©^SB 

* c t r- (is m nmm ^{,rm4coiEu>xh9 ^am t %> ^ ©mi© * 

gR£'Jv£<-<r3^J£tbT, 2-o©z3->u>Xh 1 2 , h 1 3 ^ll^fe^^ ^ 
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Ell 2Att2^->l/>Xh 1 2, h 1 3<DmM1fiR^£tS<Dft<DmB6-Ctot) s 

mi 2B(±2o©n->i/>xh 1 2, h 1 3(D]&mt)mtix^z£%(D?t<Dmm*m 

2-D(Du-yvyX\i 1 2, h 1 3cDK©8g«*s5av^^tt, A® (B®) fcASi 
Ufc^fcfcCiB (DjS) t|fc*fcft^2©3->i/>Xh 1 3*lBfc^ m\(Du- 
>\y>Xh 1 2 fcAf*Ufcft£¥fT.£&e>&^©T N ffif* SMF 1 OtAft^tS^t 
#aj*fcl,\, bfrU 2o©^->l/>Xhl2, hl3$iltl^<^ AS (BS) 

izAMLfzytftDm (cm) zmzkoizftt), m^m.m\,tzh^\zzi-yv>x2^ 

l/>Xh9tctoTlMnttBlfSMF 1 Ofc«g^£#& 

Ell 3tt^fH51ib%-rS^©s ^->U>Xaia^(Z)y z¥®fc¥fT^lRl43J:V 
x|ft^TO^^[pJ©g§, £g l©^->P>Xh 1 2 £fg 2 ©3 — >lx>Xh 13t© 
H©ffiiS*»i:LTi:ofc^77tftSo fiU 2o©=3->U>Xh 1 2, hi 3 

©ra©ie)if*«j£t-ge*fig«vj±^2©3->u>xh i 3*»c,©i^m3fc36««*r*©"e 

SE^LTt^&^o £©«**VCti, mi 2 AM01 2 B £ffl^TM§Lfccfc-5 3t 
#mttSMF 1 OtC^^n^V^o b*»U 2-3(7)13 — >l^>Xh 1 2, hi 3©^© 
S§^'i>U-TogSUT^< 01 3cD^9JWT^-rJ:a (c N m 2 (Du-y u >Xh 1 

**Jfc0|-CfcJ\ m l(Dzi->u>Xh 1 2:fcJ;t>*!§2cDri->u>Xh 1 
3©KPg*MI3Lfc« RgS&&?-£^CD&«i;£|ffl;fc cfcV&$|l|#ft©g&/J^ < CI 

1 0^©ft©AI^7£'J^ < t-Sdh*s-e^ tii*fSMF 1 O^CD^tcD^^^A 
H ic |S|±£ £ £ i: #T* § & o 

*^»JT-ii2oc7)=i->i/>Xh 1 2, h 1 3^$l-a-&TllRMI&$-r-S 
>U>Xhl2' |n->u>Xhl2, h 1 3©ffch!> fcffll.^T*>H«©^tf»6 
»3fSi60!|: 
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mi 5«4*^0!i©3teesRr*3te^*cD««&«i^Bi"r'*«o ^mnir^^ 

mmx&zn 1 ©m#fte?h 4 tiE(D^u-^n-o>m 1 ©iei^ >xh 5 ^©^t^ ^ 
^^ntzit^i'DCDitmzm-'^^^x^ bjim-mmx^^mco^u-^n^mz 

©IEU>Xh 7 tm2CD®%Tfe?h 8 IE©^ ? — 4 CD IE 1/ >X h 

9 t^SMF 1 0 ht^^U^it^^UYi 1 1 i:-£af££*U -n?>©^^As 

mV-M-fZXolzmWZtiT^Zo fl©[5]|ffe?h4ll ^l©iEU>Xh 

>Xh7©gj{BiJM^g(^ ^2©HJ^f^h8(±. m2<DJE]/>Xh7(DmMM&tiL 

ruxAh6' &® 1 6 izm-rxoiz, ^mmaam^^ < t 2#c©ii@# 
¥^-&ftmmvt<Di3^xmr*&%s ^^hn, h 1 sxmA.tzmmxmm^tis 2 

TfctK mi©H]*f^h4{|iJ©^-7^h 1 4&@^;**k $|2©[p]#rte^h8{iJ©# 
^ X h 1 5 £fg 1 ©0#rl&^ h 4 2 ©Hl#r*^? h 8 ©t&^h (SJ b^(p|$ |ft 

h 1 5£l&r)tt(:>-373&#&£# N ^^h l 4 t*7^hl 5 £©&ir£|jg£^;l3 
Cl^^T»^n«^©ffe©^^fflV^T*)^^^^V^o 
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*nmm<?Mmmmm?x $> z x u x a h 6 * iz & % mmmz -d v ^ x m l < § 0 

Z= (n- 1) • Y • <j> 

z\zx\ ni±%;mmm&fc(Dm%Tm, 0&xuxAn6' cD^xhi 4i:#^x 

h 1 5 i:©^-r^JgT*$>-2»o 

= wo + Aw©)fci:0{ufflif (w) (i s ^ (18) T-Slirci ^#-e^3o 
* (w) =Yo ■ (n-1) -wtf/c 

- 2 7T • (n-1) f • N • 0 • Aw/ (wo • c o s 0) 

(18) 

t£oT> 5$ (1 8) i^7Xhl4h^7^hl5 ^<D&T£lg#0-£&£ X U 
XAh6' B\ ^atwl:^l«t^{:^b$tT^^itl;)5:§tto, 
X'JXAh6' (± N g¥®MS£^b£l±Mtffl#&3c:h#tofr£o - 

££T% ISl^il6flli:lRH3SfcX UXAh 6 ' (3d; ^>{M^iii:S¥MM*co^bs * 

ft(Dtp>bnm®i$k(D^7 MAFlis ^{19)~(2 1) <D&olZtzZ> Q 
■Lg = - (n-1) -Yo-0+(n-l) -f-N- (Ao/cosfl)'- 
0 



Lp= (n-1) -Yo^ 

AF = -(n-l) -Yo-d^/dt 



(1 9) 
(2 0) 
(2 1) 
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#-?Xh 1 5©iiiC btp>t\m.M.<D?ti!fim2>i$:m£&?c>Tz ttio t 

#£oT\ m4<DIEU>Xh.9 t^(Dmtii^imSMF 1 OlCfe^ 
IH2©IEl/>Xh7 ©«U£gg|i&f 2 hm4(DJEV >Xh 9 ©M^EEiHf 4 #&©^5S; 
(2 2) *«t-^<t^(3-r^©^^LOo 

NA>f2 (n— 1) A^max/ (2 • f 4) (22) 

{fiU A0maxttliug2 2o©^g^©*£T&3:tf^Xh 14i:hl 5^©^^^ 
0 ®^fbM©g AfilT & £ 0 

±H3^it(2 2) ttrntztStz^m^te. r'JXAh6' ®*7Xhl4^*7^ 
h 1 5 tCDta-m^^^^t^^fct^C tHlfSMF 1 0-\AI*-r^>7fe©A*r^7^ 
Ai^&DT^T^mttSMF 1 Olc^£*i&<&&^#mT<.?>o 

#^Xhi 4tiJz?Xhl 5 iKDtetnj£</>*mb$i£fzt%lZl!dMSMF 1 0 ^ 
©^©^^§ct»9±{f?,fetot^ s &©|fe#5£ (2 3) ^iife-rii:*5MtL^o 
0. 7NA>f 2 (n- 1) A^max/ (2 • f 4) (23) 

&tz, mi^mmtmmtemmfrz, ihmsmf i o f ? ^ —ji p&tm 4 

®^©^^^A«@lcT(f ^#AgPh3©^3©iElx>Xh2©^gE 
•If 3 ^#I&!9thbgBh 1 1 ©^4©iElx>Xh9©M^8§gif 4h£&©|fe{$5£ ( 2 
4) £Mfc-rJ;5£a££-f ££h#S£L^o 

0. 5 <D i • f 4/ (D o • f 3) < 1 0 (24) 

{1U D i {i}fe#Apflh 3 © Alhf S MF 8 ©^E— Y~7 4 —)X> Fg, D o tti Left 
h 1 1 ©{Bit S M F 1 0 ©t- K 7 -f h*gT^ § 0 



V ^Jg "C : t> o T j£ V ^ X 3r * > d & 7L 3 o 
i§4H»J: 

^ 4 m 3 nmmizjo if%m2 ©0^^ h 8 <t *)'&?>m<D?tm. t> m t 

hi l©#lfi£©<^£^;tfc^J-e&.?>o 

Ell 8A&t>'Ell 8Btt^SS^iJ©^gqI^^^(c^(t^S2cD|l]$f^8 J: 
D^5{PiJ©^^m©mfi)c*^t-«^ElT"fe^s Ell 8 A(±m2#*^mfe^ El 

ffe©afi!c * H 1 HSfctfiJ I^$&got?£#:cd ^ X 9- A Elliot" § o 
I^tiE©^y-^^^l$fi(cSil^S2$S©^(p]t^«7-^^fe^OU>Xh 1 6 

m i^(D^miz^u-^tzrm2m(D^m^iE(D^u~^^u>xh. 1 7^ m^t 
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u>Xh 1 6*5«fctJfU>Xh 1 7®^^ffi«|H:^© < fcat:t9^-rscifc*Jii*bv>o 
^mt?mbgPhll 'OMSMF 1 OtM^tSfctot, l/>Xhl6©il 
$ft^[Hl©M^gfif 4a»^W (2 5) *SIJE-r*«tat:rs 

NA>f 2 (n- 1) Atfmax/ (2 • f 4 a) (25) 

<B u A 0m a x huIB 2 ■o©#3®B&©|Rcd& "T^JS ©^HbS©feMiT:& £ 0 
±fB^{$5£ (2 5) 0 1 5 fc^t7UXA h 6 ' ©±f^Xh 

1 4h^^h 1 5 £(Dte-rftm<fii$*% < te-DtztZlzmmSMF 1 OCA»ft§)t 

©a#^#*^ < teb-fw&tz®, xmft(Do % mm smf 1 otd^^n^^gp^^ 

££>fc s mi^SMF 1 0-N©^©IS^^^^:i|g^T{f^V>fefe(z s ftaiAgfl©^ 
3©iEL/>X©^gggff 3 N ^DmufiPh 1 1 ' (DU >Xh 1 6©fg l|ft^|pj©M 
^SEiHf 4 a, l/>Xh 17©M2ftf|^|ql©^gg88f 4b**©.^ (2 6) , 
(2 7) *mtz? £5 ZtOfim&L^o 

0. 2 5<D i • f 4 a/ (D o • f 3) < 1 0 (26) 

0. 5 <D i • f 4 h/ (D o • f 3) < 5 (2 7) 

^DmUg|5©m^SMF 1 0©^— h*7 >f — JV FgT$»So 

S¥@^EBHfL g0^bi*^#<t§fcfi)t:{^ ±13^; (19) &K>m2<DJEV 
>X©M^Sg^f 2$fi<t§^ tulB2o©^)ii4©^T*fe^^7Xh 1 4, hi 
5©&t-^j^©^b*©gAftA 0max£At <ir3^#fe& 0 

^©^m^mb^h 1 1 ' ©u>xhi6, h 1 7izmn<D\s>x*&m-?2>m'&£& 

^Xs f 2^A«lmax^|<lfe^tlt ±.Um*& (22) £ii£-rfc#>£#;Ifc 
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»9tBL^h 1 1 5 ©l/>Xh 1 6, h 1 7 <DMjtmM*M<T „ 

LfrU U>Xh 1 6, h 1 7(DM&mM*M<T2>b, El 1 9 Afc^T £ 5 1^ 

^Dmbgphi i' ©m^sMF i ocD^^^/^HT-©^;©^^^ h-^-rx^mi^ 

SMF 1 0CD^-F7^-;i/ F^iCit^TA^<&!9?-^TL£o©TmMSMF 1 0 

§3=fe{^ (2 5) , (2 6) ic^cfc^ClS^U ^;* s ^Stl=&V^^2$^©^fpI-tr{±, U 
>X1 7©m2$fi©^|pI©M^gg^^±H3^^; (2 7) £^£^§£^3^ % 

■9--rx^^<9mbgph 1 1 ' omi^sMF 1 o©^e- F7^-;b k^ic^^^t, 

7?4> i—^(D^t(D^mm #*i|g lC |pI ± -r £ o 

^WJ©^S&5qI^^i±> Al^rSMF 8 hIE<ZVW-£J#o3l3<DIEl/>X 

ffi^^T-fe^Bu(HiJcDX'J XAh 1 8 ^SSMiEffl©^6{|iJc7)ruXAh 1 9 

^ h;^-^T'$>^]EcD^y-*^om2©IE^>Xh 7 tig 2 ®[U#T*§^h 8 
Th, jE©^ T 7-%m-D'm4 (DIE l/>Xh 9 httHtfSMF 1 0 tfr £>&£}"6mDtB bS$ 
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mbl/>X&&mi?tiTUZ 0 £tz, Il©0j)Tl§fh4lt fg l©IE]/>Xh 3©iiu 

mmj&olw^ mmoy uxAhisit n i ©ie u > x h 5 ©ftftft^ tm 2 ©ie u 

>Xh7©Hu{H'm^g(c, ^2©(s]*TlS^h8(±. 3t2©IEb>Xh7©^{||iJMj£{£ 

itu{IJ©X'JXA h 1.8HU ^ai43RM©*7XT"r§fc^'1tbffl^KXUXA-C* 
t)s E2 1 t^WT^-r<J:"5 £ N XUXAS^te^Jiff LTV^^ft&tfsfecDX^.* h ;i/ 
^p«^c^^nT^^^l^©v^^tl^c^bT^lB&s^S^^^^^|^hbT^i&^^^§ 

tu(pij©xuxAh 1 8*jgi&^-&s^?*i:LT{±s mz.it, % » m j mm^m-y fz 

$fitCBuffliJ©XUXAh 1 8£I&e>fW3?5*£#&£#s ^©ffe©;£i££^Tfcafr& 
^fes 7feSSMlEffl©^5fI'J©XUXAh 1 9(i, ftu{|iJ©XU XA h 1 8 ^LT* 

£ <mf e>nfe^©MtT^fp]*7t©*[p](C3ft^(tsfe«)©*)©T"fei9. *hm^jt'{±s 

Bu{BiJ©XUXAh 1 8 hmKPWMT; (SIC@*f^©*©*s N Buffl'J© X V X A h 1 8 
©fi^£±T3£ft£tCLTlEg£nTl^o ^3$J©XUXAh 1 9& N 

El 2 2\±m l©HJ*r^4 fc^Tf *B5ftl©XUXAh 1 8®#i§^^^b^fe 
^©s tuffl«©XUXAh 1 8 l3Am-£ft©<£gfcM-r3{M©Mte£^-f ^77T 

02 2<fc*K Bu(H©XUXAh 1 8 ©Mt*fl£^;t 5 &*a©M^M#^fb-f 3 

*^»J©«T"t^ bu{HiJ©X U X A h 1 8 ©jfifgT&il 1 ©UllT^h 4 £^ L 
T^^^Sji5c©^(CcfcoT^P^^(C^ilC$tlT^^fc^ SufIJ©XUXAhl 8© 

*^»'JT-(i, Huffiij©x<;XA h i 8%mMz~Mm$^ztz&izmm(Dy'V XJ± h 
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1 8£tg«j£*>-££iJ££igt+i* V5i?7>£'}\i<< bT&> g 1 (DJEU >Xh 5 U 
^2©iEU>Xh7©^8gil<&m<-re*\ ff£ 1 ©HlJf^h 4RX?m 2 GDHI#rl&^ 
h 8 <Z)fe?Httft& A < f S j&\ |5I*f«^*«JtT5t©^*«* A t < T £ £ <fc o ■ 

ft&s *»Jfli^ ^2cD|I]|T^h8 c tD*)^5fiy^|Bg^n/t^4©iElx> 
X h 9 (331f:©fdi^c7) > X£ ffl v #s fg 4 H»J i: letfi Jc i/ U > K U * > X 

H12 ^-ttt-ffm^bfe^^fUOXUXAh 1 9' *m 1 © 

IEb >Xh 5 GD&SiHJ^tffcSi:^ 2 >X 7 ©HufIJ^^g(c:(^-gt-r ^» J; a 

IdffigU &3fI>JcDXUXAh 1 9' hlslb^-tMf^k [HI DTO*cD^-tMfff^©ty{|iJ 
©7'JXAhl8' £^3{PJJ©XUXAh 1 9 ' ©itiiuicieg U ituiliJOXU XA h 1 
8' £@^UTs ^5ffJcDX';XAh 1 9' ^^Mft 1 b T l> a^lqJ&tfftcDX^ h 
;b^^^t^i(^nT^S^i^©v^Tti(c^bT*^il^^^Sf4^bTMilj^^ 

fg 6 nmm : . 

^J^0 2 4-IH2 6(C^-To 

*^^J©OCTi/^^A{i N v^^y^>^-M^ih^S*:hbTV^^>o 

0 2 4lc^lT<fc?lc. *H»J©^;iT^a^ra^gT-{is fS=3t-U>X^h 

2 l^f>^m^tifc^(is S/>^;i/^— F77-fAh2 2 £Mt)5g l©£>yX^ — h 2 
3^£#frtu il©A>>77-h2 3^^bTit>X;i/{|iJi:#HB{|iJi: 

h2 5, i/>^;i/ ; E-F77^^h2 6, it >X;i/(SiJ^^^^h 2 7 mt?* 
($l£*tiO h2 8^HS^^tl^,o t?#:h2 8 "eSf*£ tl/r^& N fStW > X;i/fIJ % 
«^h2 7, i/>m-l ? 77^^*h2 6^fT > I— ^ h 2 5 'vio 
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(AOM) h 4 0AO^ot^5-»m- h s 7 7-fA"h 3 0<DJj^MIR%Hz&i)> 
ti, lg2<7)AOMh4 0£jIo£^l^»£Ol/^E— h*77-fA*h4 2*^bT^26D.*y 

F77-fAh3 3lcIfc&i;ft N ^lcD^W^m^ (AOM) h 4 1 £iiofcg^> > 

h2 9T-i^$g£*u ^ntci D£C£^$fi^-#fg2©:ft ^7*7-h2 9i>t>lti±)gn 
Z>o ^2 0*^7-7- h2 9T^J^^tiT^C7cT^f-^ii, ^»^-F77^a- 
h35, h3 6^UTfl ®r^r7^-h3 7, H 2 CD^-r t 1 ** — h 3 8^tfr 
I^tlti*ti5o il©r^r7^-h3 7i:i20r^r7^-h3 8-eit ^tl 
^tL^cD^JgOfMJW&totl&o itl<D^7^^ — h 3 7 hl2©r^r7^-h 
3 8hfi^r^T7^-h3 9«lt*!^ Tiif^ffitShttli, « 

t-H77-f A*h3 2(cffi^-reAI^SMF8i:iE©^'7-^J#o^3©iEU>Xh 2 
T'&Slg l©[IM§^h4 tJEO^V-Zft-Dm l (DlE\y>Xh5(D^Tt, i§ul3X ^ 

2cDIEU>Xh7 ^^2©|H^f^h8£D^Ths jE<D^ T 7-*W^m4(DIEU>Xh 
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twmwyvxAh ?t%m$i-rz>mttx&z>J3^xxx%x^Zo 

CU>X#&ffl£ftT:fctK fro, f?ll©IEU>Xh5 tB2 (DiEU> Xh7te, ftijift 
#-&-T£ct5£iBg£;h,T^;z>o S£ 1 <D[I]#M&^ h 4 tgl©IEU>Xh3 

©fyffl'JM^teg (3, >7 V ¥BW7V XAh6lt 1 ©IE 1/ > X h 5 h £1 2 

cDIE^>Xh7©mj{|iJM^iSt. 2 ©HUfrfS^h 8 ii, fg2©jEl/>Xh 7©^{HJ 

mizmi^nx^Zo mtz, ?wBW7vxAh6(D®m.m±, 02 6(c^t-ct^(c N 

glZpWBWXV XAh 6 ©M{PJJ©®©&^{4^^ h ;i/N 1 *5cfctN*^{PJjCD@CD^^ 
iJMS^ h;i/N 2©x y¥@{|iJ-\<7)iE*r^©^^ hJUT 1 , P 2 ©fSMfifr^b 

{BU h;i/N 1, N2lt zmt^^^B^iX^X Ah 6 (DmM^tz 

& % izmz ci h ^ r & o 

^l^»JT#^fc^ (7) , (8) ^l3:fc^T, ^itt*ff$«XUXA©Il]feW^^^ 

m&(Dft(D^fti&&mziiLWh~&g^xfo%m t ¥ yo= oii&i^ffih-isrr^o 

"f&fc-^ « (2 8) ~ (3 0) btzZo 

Lg= (K/cos0) - f-N-Ao-cosa • (2 8) 

Lp= 0 (2 9) 

A F = 0 (3 0) 

±§eiS (28) ~ oo) ^mmmx\±, twBVtxv xAh6fimm-r 
z>t?tffim±£<t?%i$, %(D^>^mim.(D^y vit^^^^tt^t^o 

%^uyj>fcm*%i^t£otztib\z\±^ mmmty->7°)m(D'pte< t& 
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teotz&(Dit<DmmbL<Di/7 v ^mmmom 1 (dew^m? (aom) h4 itv-> 

7»m<Dm2<Dmt&X¥ (AOM) 1140^^*^1^, !gl©AOMh4 
l*>«fct5^2OA0Mh4 0 lZ&tt&ft(Dffimmis7 hMZZtl^tiF a 1, Fa2 N 
3fetfg®ff^MIMt£F o fcrShx miCDAOMh4 l&&B&<D&mm<Dft<D$*itom 
«CfctFo+Fa 1, i2©AOMh4 0 £iIj©^©-tf-> :r;WH©ft©*'&«iftftB: F 
o + Fa2 ^3&*©T% *nMM^m%nZ^&ft(D\f—hm^(Dmi&Wl.Fbi± s 
Fb = | Fa 1 -Fa 2 | 

—&lZAOM<Dmm&<Dis7 hfiFa l&XZfiF a 2 &c?m ?&?t(D 

t-^i»Fbfe-^5„ •fit, t-h^«*i6s-^©®^ WfB^itm 

«7 U X A h 6 $fffl L gl 3 5 UliM*: Ht»©3fceSnr*^|R-effl 

-34- 



02 7&mi(Dftmm^£ft¥m9<Dffim**Tmi&mT:$)Zo 

5 t¥fttte%&?lz-r&m l(D7U*)l>l/>X\t4 4 b, SulB©^ISk4 5 h¥ff& 
2 ®^#^iS[p]#|k 4 7 tC|qjfrfr-££!f! 2 CD7 U lx >Xk 46^, iu§3i§ 
2(7)^#^fifqJ#|k4 7^AI>fLfe^;^Mt>*^|fik4 5 t~-%l£ &2>tz&<Dm$Zm 2 
®^S^iifpI§lk 4 7 h. mi^SMF 1 0 < m?tTZ>m2(Dy£=i IM- 

^k4 8 ^^n—^cDM^iz^x^t^^^^m^^^m^m^mx^- 
^k4 9 t^^mm^n^o 

ZZT~, 7lx^;n^>Xk4 4 , k4 6{i^W<07 , 'JXA^^f,nfci 

»f-^k4 9 Iz&Ai^S MF 8 bW, 1 <Dft.ii IM — ^k 4 2htgl©^l^ 
¥ffi|[o]#gk4 3 k71/^;H/ >Xk4 4&mfe$n, bte^TfemtZo 
7fe^rD-Xc7)S^©«V^^Ci;^^gSS^b{i^^ft^^-^k4 9T~mW£tlZ>o 

m 2 8 {c-g#^iHI&I^k 4 3 , k 4 7 0ii^^t o 

^i^Min^ otitis (c^M^wqi-r 3 c: ^ Tis^©^b £h§*b u ?t&m 

(k4 7) liMi^^taL iNb03f^f>^^ h ^>7^ol— >tk4 3 ah, 

fr^&£7te^#3ftk4 3b£P#^fk4 3 cfrt>nm$tlZ> 0 mx.it, }fetf-Ak4 3 
d^CTI4k4 3 bicAl^ U SuHB h ^ VX^i— 9"k 4 3 atMtlf 1 £#n;L3 
^ ^?W4k4 3brtt^4LfeBfr«CJ; *K l«)tk43e^MU 

0 1 = A0 xf l/v -(31) 
A6> = AO xAf/v — (3 2) 



HI2 9^^oT^S©^Ybtoi>Tg^BJ-rSo 

k43h7U^;H/>Xk4 ^#^{B|Sj#gk 4 3 fcj; t>^«|k 4 5 X D 

0 2-TigiSLfe^(D^mgai:0 2<fc t>££fcA0T"{Sftbfc*i^©ftig:Kbt©^ 
(± 

b-a = L/cos02-L/cos —(33) 

&U fgl©^«^fijg|D]^k4 3T^t-A07j|pj£^S-rSo il©7l/ 
*;i/l/>Xk 4 4T"tulB73(pl^^M^tlfe^;tf— A£ft$fik 4 5 h¥ff £o lz~f 

ZZ£T\ (3 3) ^zttlitsLtz?£ffimmb&!£VZ> 0 

^©^SSS^b(im 3 0 A#t>"El 3 0 B © ct -5 iz & § 0 
v = 5 . 1 km/s 
A 0 = 1 . 3 x/m 
L= 2 0 cm 

Af = 3 0 0MHz/15^s W^W^^73^iJMCgfb^t§) 
02 = 0° , o|f))feik4 5 J:t)^^^bfe*^T-«s 03 OAiC^-T^^ 
fb^&'K 6 2 = 7° ^SDs ^$ftk4 5C^t7° ©;t7-tey h^ot^ib 

^^^{i s K3 o BizTjk-rytsg^btft&o 9 2 = o° <D^(Dm&M.<D%.m± 1 . 2 

mmaJST-$>t)s ^tlic^fb. 02 = 7° 0HtcD^g©f|4(i5mmT*$)-?) O 

-JjT\ 0 2=0° ^J:b^6>2 =7° ©Tj^KS^b-^afe^o o^t) N 0 2 
= 7° (DmiZ*7lzy h^fet^^ht)feKl0^M^§<^W'5:^$ll 

^^f^ijf^ii^^t § c # § 0 tit-ox, ^mmcmmxite 2 = 7° 

(CaS^bT^^o 

£©£?£, *mM(DBMT*l±, Wi^<iln]^k4 3, k 4 7 (cATrT 
miU?:^b-r^)^(7^^) ^*cD^-^^©^|M^»|gtl:b^i«3i{z|g»jT^. 
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ytm&mit<Dmm&M<%)mfi i M^o ^©s i nii-cag o\ 27 

03 1J4BI2 7©3fej£aE^©t?ft*«»^fi|Sl»k4 3, k4 7©fgl©g?ff$0!l 

IS 1 ®£^lQ®«£Ufc5*<gft88 kl48lt lwiB^«3te^flS|q|Sk 4 3 , k 4 7 h 
leMis :ft©fat£^£H*£c:fc©T-£-s^J&^T*&£o MiBMfete3*ffllft«k 4 3 , 
k4 7©ftfc>Dfc:*JiMfi3*iBlqlSk 1 4 8 fcftK&SqTg^iK 9 fcig®TSCi tT*mm 

Cl©*ft3te^fflfilSk 1 4 03 1 fc^-ri^fc, t^f& B B kl49, k 

1 5 0&m^fc^©3fc^«i^attriqifc:«i)^-&±TK:«akl 5 1, k 1 5 2*fl-ws* 
*bT-AgD©3teS«^3fc^|SSk 1 4 9«fAi*U «ffik 15 1, k 1 5 2 JcEPpJ 
«EEV*»p^.Si:Sm^seSk 1 4 9, k 1 5 Oomtz A n<DJB$r*sa*fb#£l^ ^ 

A6 = s in' 1 (2 AnL/D) (3 4) 

S3 2 A&(^L03 2 C«02 7 ©*^alE^©Tf »**^^fil^»k 4 3 , k 4 
7©i2®^«®*n^7A7*t^k 5 3 *^r«Sj*0-C*So ^D^AX + t 
±k5 3(±, tul3 : i 1 #^{l[pl^k4 3, k4 7h|nUi. M^||t^t§;J:0 

S3 2AI^D^7^^rttk5 3£^#frfr£JifcE|T-&!K i3 2BJi03 

2 A©B^|q|o* D±^^e»BfcEI> 03 2 C&03 2AOCJ|S]o$^^f»Bf; 
0T&£ O 

03 2 A&^L03 2 C(DXo K s i2CDWJO*D^7AX+ttk 5 3ii> 
HHEtV **k 5 4tC&&CD*D^A3J^Fk 5 5 #l^&R#tcJE#J£ft-C:fc tK £© 
IHte^^^^^^-^k 5 6T-Hl^-r^o 7felf-Ak5 7^ny7Al?k5 5tA 
l*-rSh|p)#r^{3 < t t)7ttT-Ak 5 7li^t-Ak5 8 © «k ? l3^©|6l§*^ § 0 
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££>iC s mU^-i X^£^E— *k 5 6 -£H]ii£ )tt-Aii$D^7A|^k5 
5©A^im^^LT^tf— Ak 5 8fr£k 5 9 <D J; ? {c^CD^Jg^^b-T-S t ft 

z(Dm2(Dmm(D*n!r^Ax**j-k 5 3&, ^w^^^^m^^^t 

^SSftpJ^^^9©«^J©7t^qr^^^k 6 0(i, IH3 3izfj%T£olz± 
mid7U*)lU>X\L4 4, k4 6 ©ftto D iz^ 1 &t>-|fg 2 ®£bb >Xk 6 1, k6 2 
^M^tLT^^o l^l>*m2©fllx>Xk 6 1 , k 6 2©P^(cpg^©^^ 

^Dy^k 6 3ft«g£ft-t^3o 

iiulB^XD y ^/k 6 3(i, E] 3 4£^-TJ;?(c N ^7UXA7l/-k6 4h£ 
£lXUXAk 6 5m&*)&tDg^fz$><DT'$>2> 0 mz.lt, ^XUXA^-lieir^ 
n=l. 5, Mm6 = 9. 5° N fy^p = 0. 3mm©7'i;XAA5 2 0 OitU*^ 
©T&So ££s ^njXAk 6 5(iS^f*n= 1 . 5, 1 = 6 Omm, /p^ d 
= 1 0 mmT £>£o 

AS>tSMF8^^m^bfe7t§^ 1©^=J U^-^k4 2T'<zi 0. 2mm^©tT- 
A^l^iL, mi©#S^^iS(aJ^k4 3T't-A^©^[p|^^M-r-5o ££££11 
©fib>Xk 6 lT-ful3^fp]^^M^tLfe^tf-A$^k4 5 h¥ff fcD&S £ ? £f 
So ^^(C^O^ff^^^XD y^k 6 3(Cjg5i^-B-^o 

C©B$ S |g l©##^fi||qj^k4 3f^7P >^k6 3£*tL^S§k 6 6(DX 

#ij;tfc£s ^F-#k 6 6a £?$^k 6 6 b^ig^jgoibfc^CD^^ti^Xo v >p 
*mmTZ?tmgxm#rmgiT:&t), ±13©i§-£r«dx (n-1. 0) = 6 Ox (1, 
5-1, 0) = 5mmi:^^ 2 0 0{@©X U XAfr£> 1 tfy^fc »3 2 5 umcDfrM 
tih&£ 0 £e>lcft^XPy £>k6 3£M3®U£^(±ig2©dbU>X6 2^i20fi 
ft^{fil^5k4 7©-£tCAt*£*u BuIB^SSfipJ^^^9[5j^m^SMF 1 0lCa# 
Jt^tiZ (03 3#bs) o 
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^^£#^9©&^0d©^|§g^g#^k6 6f(l 3fc^:7Dy*£gg 
T § £ t ti^Ki £ tc ^ST £ -2) o 
f§8f|»J: 

I3«#ctcj£#o £^£¥fTt -f 2 U > K 'J *^U>Xk 6 9 HuiaTO^^ 
k7 2©-a5*2aut:-A3tek7 3C-r*a»©fi*CD^U * h/tk7 1 a-k7 1 
h (S3 6#i) ^H^fcleHEpJtlJ&lillE^-f ^^k7 0 i:, ^7D^k63h, 
HulBb*— A)tk7 3£ffi|?SMF 1 0 tAI^T ££#>©!(£ 3 <Di/ U > h''J*M/>Xk 
74^ i2®n<J>-^-k48J:f)«^tltl^o 

HUH3fg-©^U > K U*;H/>Xk 6 8tt#£m^JBttfcg|feT*fc»afcn3©$' 
U> KD£;i/U>X£9 0° ^Inl^^ LTM£»5^rt>^tife*©T-$)^o 

itulBAS* SMF 8 fr£>ffiatLfc3te&fg 1©^U > h* 'JMl/>Xk 6 8 <fc 
DTO(cx£(f N ££>tc|g2©^y > h* U *;i/U>Xk 6 9 Tiu§a»l£$3j£#o&^£¥ 
ff«c3fck7 2tSH-r*o 

^LT, 0 3 6 Jc^-rJ;5lc. m^f-f^^k? 0tliSi©l^O7'Jy>^k 
7 1 a— 7 1 h#£^T*JtK CI©®^^ X >7 k 7 0 i:W&^k 7 2 

3tek7 3t^ti5h^ (U^tcfct), tf-A)tk7 3^7D>^k6 3{: 

fclfctfEHE^-f 7^k7 0©* U y Mi*g0. 1 mm s Mi? 1 0 mm^jgT 8 o© 

HHEf £ h 3 2 0 0 pTII t & 2> o 

liH® 5 1 2#©j£3ii&T*j&TS^fcB:6. 2 5ilj®/#i;&& 0 leHE^-r 

-39- 



<b f s ci ^ t^ms £ ^b-r ^ h #t ^ s o 

Xk7 4hm2CD3U^<-^-k4 8(zJ:|9ffi^SMF 1 0(c#^^tlS o 

ti^ftitaMl.i{:^oTl^o olO, ^©HJIEt^ *£k7 5 £ in is -r a 
03 5©tf-A^k7 3©*it^ M^St^^t^l^o £©8&HHE^-f 

^ 9 H»J : 

1213 8 \t*&w<Dm 9mMmi£mt>zftm^mft¥m<Dmf&*mTffij%mx*&&o 

03 8(C^-T<t oiz, *^Jte0flCD^gSgpJ^^^k 7 7i±, huSBA^SMF 8 
?>ffiftL£}fe£t-A^k 7 8fc^g|t- 'J^-^-k4 2 h> ^7P^ 
k6 3t^ft3fc^D<^k6 3a~k6 3 d^H^^tlfc^3©[p|^^ k 7 
9 (i3 9#I) i:<tbi^*i5o 

*mMMT-&v-&ft]t7 8tt, ^b-y:-r^{c^fi±(c$>§ 0 ^©tf-A^l;:^ L 
^D^k6 3 a-k 6 3 d i£J3 £ £T\ ftSSH^^b-TS ^ £#T* t 3o 

^■MMcDBBX ^ n y ^ £ 4 -^ISS L tzM £ ^ L ^ © -fu y p %m 

TztT-, mm^^x? inite^fct)©^s*^ti^>-r3h^T^^o 

£fz, ft&7u y^£04 0Ok8 OCDXolzMm^J mk-fZZ.bfrX' 
k8 lcD llUfeT"2|ll^-r^>i^^Tt^o £fz, 04 1 ©k 8 1 ©J; -5 
04 0©k8 0^|3jfi&^:7D^k8 2 a~k8 2 d fcflfi t)£rto-£|s]ijfc^ * ^ £ 
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mi ommm : 

04 2fcV^L0 4 4«##glll§©&l 0H»J{c{^t>!9s ^4 2 li^ggfinj^fe^ 
©i^^^ta 0 4 3ttH4 2©3tlS«qr^^©^0!l©«lfifc*^rBlx El 4 4 

ftBSSoT^^ 9 ifim 1 HJte#y*:JI& ^ *HJ6©^SI©^8S^qjg!^^ 9 T* 
B\ BI42fc:*vr<i;5fcU A^SMF8ipf,ttJ|flfc^ 3 1/>X2 9 t«fc 

DAJfrbT-A 1 9 OiiLTa^HIJf^^Tl 8 8 a. 1 8 8 b IzAMTZo AfttT- 
At:^iti^)t©^ Hl^flS^l 8 8 aT&$S©Mi^«®#r^i#/h£ < N Sv^ii 
(sl^^A^V^. @#r*&^ 1 8 8bfcfcHI$r*&^l 8 8 a. bttfoVTWrtlzmtt ZtiT 
UZfz®, ?tl?tl<D®ffift 19 .1a, 19 1 h&UUAM¥-& 1 9 0 t¥ft ftftft 
btnK), ^V*-*U>X3 6t3«fct3mi*SMF 1 OCf^^tlSo MS©® 
^©_3teBl 9 1 a»fi©Il^©«l 9 1 b(z(i^^i:^iaM|p|#f1 i S-?^T 1 8 
8a, 18 8 b(D®mnrlZ)foKTftSm&&K2>tz8>, -SfegfcJ© 

£*i£5$£ffllATsBBJit-So ®*f*&^^.T 1 8 8 a, 1 8 8 bCDEHe£y x tTy'^- 

^7-sin' 1 (siny-27rc p m/co) 

dllr^Tl 8 8a, 188b§2)iUfcit^ IHJf^^^^ofc^cD^j^ 

mUrfe^T 1 8 8 a, 1 8 8 b©|!8HgG£flH,>T\ 
l=G(l-cos0)/cos (r-fl) 

<J = wl/c=(()lG (l-cos5) /c cos ( y - 0 ) 
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t g = - d <j>/ dco 

Alg=c t g = -c d (f>/dcL> 

mffim®$Tfa?^7 1 8 8 a, 188 btiUJife;^— V 1 8 9lzmfe£tiT&*) , 
m&X : 1 . 3//m s %im^> K(fi : 6 0 nm, Ie]#t4&^ £ : 5 0 mm*. 

■2) o 

mm 

El 4 3 &*mt&ffl<Dm}&MT'$) oT. EI 4 2 hcDffi^tijigji^T- & < N MI^OIh] 

El4 2© c to^[iI^^©^*fflv>fe^T*{iIll^^^T(c^^#A^tLS{4 

lco' W (1 + 1 5 (In) 2 <zT' 2/ (lco/c) 4 ) • lco 
^CT-s EI4 3 ©JMfclft&Ji^ LTs EI4 4tc^-T<t a^[sl*T^3 0 0, 3 0 

i*:ix>x3 0 2. 3 o 3xm^fi^m.mmit^^m\^o i/>X3 0 2, 30 

0" = A 3 Z/tt (cNc o s <9) 
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$fes JSKfpJt^MMMIH^T^^^ 18 8a, 18 8b tmmT" @^£*i£[h]It4& 
^ ^7 £ tfttt 4 £ (3 X o T £iftffi{J| £fr a £ & * T £ £ o 

m 1 1 mmm 

m4 5i±*mmmi lmmmimzft&M^ftm&cDffim&Tjk-rm-c&Zo 
mi immmit, minmmb&t/uzmc-e&za)-?^ mtez&ofrmwL, m 

mm • <m) 

Lfc3fc{is ^ IM-*1/>X2 9{cj; 0AI}tf-A 1 9 Ohlt^fl? (AOM) 
1 9 3 JCAIff So Attbf— A 1 9 0 *l£}fec7)|*j s AOM 1 9 3T«M©^ 

#B:lHl#r£#/h£< 1 9 4 a©cfc5&#;g&Jc N Sl^iidl^^A^ < 1 9 4b(DXo 

CIClTs &fi<8*gl^©ftg& 1 9 1 afc$ftg©gl^CD#jfcl 9 IbtliSIJ:, 
(«&*) 

mi 2mmm : 

mi2ntfoffl&. mimmm(D?tt>y°^ 6 , ^s7 , d-72 0 , ^$^19, 

"Scanning single-mode fiber optic cath 
e t e r - e n d o s c o p e for optical coherence to 
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raography" Tearney et. a 1, Optics Letters, p. 
543-545, vol. 2 1, 1 9 9 6 tOCTffl0@i|£MrD-7^^tlt 

-tLt^Ls W0 9 7/3 2 1 8 2m 9c^izmif Ztltz K ^-*9t7 T-i M 
WO 9 7/3 2 1 8 2flt ««Effl7r>r^(C?&*ffl©iB5mAU— tfft£a»Af£ 

&<*izmm?z ru-rx\±, /d-/©^ • m • «a % #^4cD&<bfcr*r 

WO 9 7/3 2 1 8 HSliffl 7 ^fc*gJJ&ffl©iSfcH;b U -if )t$iAt & 

W4 6lZj$^Ts )t*r76iiii'J^-^l/>X78a, 78b, 7 8 cRVffift 
(PBS) 7 9t«tt)«^ns M^19l«>7-8 8, ^ — 
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i3®SMF5 JLbAmZtitzMZm^yhv-^ (PC) 7 6J3j;*)ifcfc®©± 
tf-A^fU^^ (PBS) 7 9£A£>l£*l& 0 PBS 7 9(±M£D±T^[Rl©iS^ig 

>x78b(Ccti9SMF2 1 a.*mmrzm\<Dm%iMUft7 7'< ^ (pmf) sotz 

AS*£ft£o 

±IBOiS^®^#7T-Y (PMF) fi, 2o©e£t-£{ji§M£^b£: 

£ £ tl & 7 T ^ T* & £ o 

ill ©PMF 8 0i£zi*t7#8 2fi2©PMF8 1 Kg^tiSo 3^^82 

7<Dft,mzmift>tlfcm 2 (D PMF 8 l^CiiGR I N (JSW^M) I/>X85h 
1/4M*£8 6^iS(te>tlT*f9^ U>X"7* 8 7 tl«fc 0^3®^©^-^ 9 2 lC@ 
££*iT^3o 3§2©PMF 8 1 «fcOmi*Lfeifi«HS)ttt l/4«^tR8 6t:«fct)n<S 
ft«g|£ft3o GR INU>X8 5 i:l/4«g«8 6 «fct)mMLfc^ii N Hlfe^^- 
8 8 1 i t) rD-^fc#jt^n^-7 9 2*a»UT«ljS9 6fcHm o £tz, 
M&9 6KmiztiLm't&Wl&tftfre><DKm • ifcSL^«l¥lK|nIi|£^-8 8(iiH/4 
$ftt£8 6i:GRINl/>X85 $M20PMF8 1 IzmftZtlZo C©B# S 

^^©M^-tJca^ttRii^fet). i/4$ift8 6OTt5^ mrntzmm 

tem$&M?tizmf&gti2> 0 l/4SH8 6©ftfoDi:li«4 5 0 Hlte<* 

t^7 7 7r-@^ (Faraday Rotator) ^^©^e^^^fflV>T 

i2©PMF8 iizmmizmmtemf&mft%&&LTtem^mT$>t), mmzmm 

tmnm%T:$>2>mkfofrt><Dm.M • im#fc±m2©PMFfr£>=J*^8 2^bt 

ii«ie*ai^Lfc**^icD.PMF8 otetft^n.«o mi ©pmf 8 ofrzmMLtz 

ffiffilzmmftmi&myt&zi 'J^-^U>X78b(:j;?)PBS7 9l3Af?-t£o PBS 
7 9(«®izgfi^iSlliS^©^^|lIT^(-S^1-^<ta Wotij^ ^ 1©PMF 
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8 Oa^mtfLfcftfcfcs n 'J^-^l/>X7 8 c£flHvrlg4©SMF 1 3©iggB8 3 
fcAthTU PC8 4t:«tDiaiBffl3fc*»&ffi*CDfi>tt:*tt$Ji, ^4«DSMF13^fs 

$.tz, IsHES 7 — 8 8(iIDfeiitg^^mt-^^>n-^9 0 £J#o^E-^ 8 9<D$ft 
^E-* 8 9lz£ D0^-r^CIi:^T*^^o ^— * 8 9, ^>rj-^*9 0{± 
Jfe«*tyr9 lfcH5££*u M£$fc*g*.*y79 lte&mmm&9 3tJ;»)i/-^ 9 
2fc@^nt^So "E-^ 8 9©H]fei3j;D[p]$S^7-8 8^H]$ct, %M1*t><Dlt 

*l£o ^E-* 8 9 £:3*§|gi&F^m 0 2 t£3*©ES&>r— 9 8 a N b, 9 9 a, 
b, 10 0a, bTgMS£*u ^ti^U(D^—yM3:zi*?f?8 2T~mWi£tiT^% 0 
Sfc^>3-^9 3 i; 3 Wife K^f M 1 0 2ttM^-^;ui 0 1 a, bTgM^ft 
T&*K M^!r— :/;i/fcti\ A, Bffij3«ttJfZffi ( llUfe <Dm^&&Zo 3 

ffiSKHjh*^^^*{ii>n-^9 3©M-^fc:J:!>|IHE^-8 8£-j£HNEU mmiz\n\ 

&mm&&w— *>?m(Du—' wj-x—y (ld> 94^5^^^ 
^©i2®PMF8 i©m»i«i:j£gjbT88rfcj'e»nao u-* tJmtGR inu>x 

8 5, ID^^^-8 8tc£ ^ f2®PMF 8 1 <Dffit*ft©j£u&9 6 ©^CM^jf 

H47t:3^^^82©g?^fi|J (^D-^{pij) Zm-to fH2©PMF8 im®&& 
V^Jl^-YyT^^9 5b(iiEfit^{4g^to©fctoi&^-r-5ffig^«)^l 0 3 a, 

2©PMF8 KDM$m*-mgl±ZZ.£1fiX%Zo 

fiJ^©2 6 4^iS(t?>n, &!ftft*nM-52 6 6^m^tlTVN^o $^ 3ffiIiK7 
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«**i»f^#*«i«««i««iza9!»e,nfci//^-t:«fci)««<ii (lar-iio. 7-6 : 
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c*itt*oi:*^#||3&«ft< N tiffin > h^^ h^^lM/ >X©^7^--^^-fig^ 

*7ts W09 7/3 2 1 8 2T(t $fc*»6Ufc:afctt £>ftfc 5. T^n^ksL 

frmmtm <te&tuo mm&v&z „ g % tzftm&±<*<D'bm<tifimm-c&i> „ 
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n>h'^--*2 7{c£ DIEM*33H=^#U Z7li7r-S? 1 3 5lz^£>ft N ^© 

h 1 3 2<D££^(D&m±7 Jll 3 8, ;^14 3, 
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7l/+i/7-;^t7 h 1 4 8 <Dmttmm&<D&W*^&T 1 5 7#$/-X 
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0 5 oiz, *»JT(^ 010^7*7 6©ftfc>t> iz^tV— — 

* 1 5 9tismtft>nT^Z> 0 ftV—ica-U-p 1 5 9 fcj\ i30SMF5i^®Ml 
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iRH^'MbLfcTtf^D -T- b U>X£;iH^£:Jl^o C©^^^-tl^tl©^M©4 1 

iz&%tz&, -ti&mt&mte^tzft^uyj >m$iik*¥f~Dfzi&T'$>z>o 
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®^h$i:EI£A0 N 3Mil^> Fig* A A, ^iT^^ 
^^^|pJCD^|g=zit-U>XS=2 (ln2) AoVttA AT^£*U 

1 7 alc^£;h,3X^ h;i/^*Wr^)fg3h-U>^^^A2 15ai:, ^2 1 
7 blc^£*i£X^7 h;i/^^§WT?.{S3b-U>^^^B 2 1 5 b^^ft^* 
7^2 1 6tc£!)£r$U mi*SMF2 1 9£fc£ir3o £©^M<#7b7^2 1 6© 
|5| C# M^©#ll£i±&£F^ 2 1 8lC^£tl£J;5f;: N fg 3 t-l/ >X?tMA(D$»b®i 
M A 0 + A a"Tr(i/J\£ < N t-U >7^B©^Mft A 0 - A aT*&*t^o 

-ftCcfc tK fgnt-lx>^^^A2 1 5 afr£>m#tSMF2 1 9*5ctmgnt- 
U>XftMB 2 1 5 b^^tti^SMF 2 1 9 ^(Dfcm®m±Mn(D 3 d Bft£ 

1§r$£*ifcftcD7^7 b;i/£?$^2 2 Oiz^To ^2 2 0tc^^ti^»J;-5ic^^ 

\y>X9tMA2 15 a, B 2 1 5 b©7^ h;i/^2 17 a, 2 17 b£<fcimfifl< 
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LfrL&#?, N fet-U>X^A2 1 5 a, i&zi t - U > X ^MB 2 15 b© 
h;i/^2 17 a, 2 17 b &£l^jg#3I;Slfi9-?: ; £ G 0 6 7 

X«iA2 1 5ai:»#*77 2 1 6 ©fgicM? >f 2 2 1 a£i£tt£ 0 
7^;U^ 2 2 1 ahLT2o077^nD U * -^KfcStt & filtmn&mm? J 
J p7 7'(^—yu-Tj>y%m^2>Z.£&T*Z%o ^tzm&y^JV^ 2 2 1 a ©ft!) 

ftiMikWtiT'? 2 1 6©ttil7>f;^ 2 2 1 b&»tf\ «^^;i/^2 
2 1 atll7-f;^ 2 2 1 b©iKaDIH^^-)y7>7^^ h;Wfc#£f#£ 

££s £©7 ;i,*fcj: Muffin h-L/>7)tIB 2 1 5 bmtb&tt&ztifi'Vg 
&o ££x 116 7©flf/$£g| lOffi3b-l/>^iBl ^lS(t^.^^T"=fe<^ |5Ui©^ 

o 

>*S£*SJSU ^^73(p]©^tg*fqj±^-&5 3i:^pJt6h^^o 

fgnfc — l/>^)fci2 1 5 &fre>(D% i &m&m^> (PC) 222a* 

fflWT\ M©±T^(Rl©ig^{s^(C^L. tH«2 2 4 a^f,niJ^-^L/>X2 
23afc £ t>)^t-A^tij^ (PBS) 7 9tAltt5o PBS79(i«©± 
T^lp]©ii^^*iS^T'MLs 3 IM-#U>X2 2 3 c £ <fc t) ffifjy 2 
1 9izfcm$tl%> 0 mmzi&nti — U>Xft.m2 1 5 b *»&©#& PC 2 2.2 b(c<fc t) 
M£g[g&jtgUi^«&£tu mS**8 2 24b*P,3U^-^i/>X223btc«fc 

d p b s 7 9 izAm-rzo p b s 7 9 &mM<Dmm%fa<D&m&ttmm-eKm u 

3'J^-^U>X2 2 3 ct!cfct)m*r7T^^*2 1 9fc-£i££*i£o 
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mi 8nmm 

06 9&1>L0 7 ltt*IBlWCDSgl 8 fSflgfll 0 6 9 fctft^SE^D-^co 
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06 9T"^^ti^^*^D-^2 O0»)tf^l±SMF 2 2 5 2 2 
6 *^cD^(±HI*Tb>X (DOF) 2 2 7 £ J; t)Jft^£n£o [U*t ^ >Xlc& 1 &[H#t 
£££ l&£y£2 2 8 at 2>mmz&Z > 2yKm&2 2 8 bt 3 &|I]#rlz J; § 3 & 

07 o&mm<D$m*%ir2>m KDmrnz^to smf 2 2 5 ©m^2 2 6 

f»©7feli71/^jH/>X2 2 9tc£ OHft^ft&o 7U*JIU>X2 2 9&^$t©RM 
WJXAtJ;f)l/>X^i^U ilM2 3 0 atf2M2 3 Ob^WT^ct 
atcP5M^©l/>X#SS(3^1^2 3 0 aCl)tn7'iJXA2 6 3 ati2M 
2 3 ObCMnX'JXA 2 6 3 b J: \)Mf&£tlX^% 0 

-64- 
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0^L&^#g|6 9fc|^|©fltjjfc£ x JS#t7j©*#&1/>X£^(;:, jS*f^©/jN 
*«:^>X%rt«t:i:^su>x*Rfflttt:EilL"r*»Rr«6Tf**a £?>Jc N 1216 5 

^5>(c±l3©©trl/>X^®$T^^Jl/>X (GRIN) TfSSf^-ra £ i: &^g$qj 
(»*) 

£©<fc3fc#?lJ60y-efci\ Ml 2^J£M©^{3ip^. N *;M^©:7 
g^©«^tci3V^Tx Jfc«ifc:aifi«:^riqi^#«6*«tuc3> h*fii±u $ tc 

£g 1 9 mm : 

1217 2&^Lm7 4&*mw<Dmi 9nmM£.&t>*). 1217 2&%>( 
w<DK¥m<Dm&<Dffi&&7ji?ffimm, m7 3itmi 2<D%¥Jhv>mi<Dmm*7f<T 
m, m7 4\±m7 2(Dft¥&<Dm2<Dmm*7jk-tmx&%>o 

ii9»t se'i 2mmm£&t/u¥mKx*&z<DT\ g&£js©#aBwu 

ZZX, *nMMX&. m7 2 iZTfs-fXolz, SMF 2 2 5©m^2 2 6*>£© 

mi*ss5^f>©^ggiif {cs^tifci^>x3 0 4(3 <fcoTBmf#£^£ft> 
ix>x3 0 4*e>Mjare*f mntzm%iz<t>&<DW.&*m-f2>imk<Dx u y h 3 0 8 & 
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fC*fLT§V^jg3 0 7T'h$^*"^ bZffi&o IS ffl Affile 
0 7 3 N 0 7 4 (cSiJ©^J^^1- 0 El 7 3 fC^iT <fc ? Id. SMF 2 2 5©tH|j^2 2 
ItT&mmtJfV—Atte*), $£&(DMytT<DX#y Hd;** LTSl^jg3 0 7 

^fes -©^Jr->r3>U>X$JS*f^^l^>X (GRIN) X-mft-TZZtT-, 
Rtt^^Jf^-T £ £ h & £fc qJfgT & 3 0 

z.<D&5iz*miim"c&s mi 2mmm(Dmmzm^ mytft^mo? 
i2o nmm : 

07 5&VM.0 7 7&*mM(Dm2 Of^W^to*), 07 5liMS7-D-7, 

?mm.(Dm$L*mrm, m7 6&m7 5<d7-{ xpammz^tm, 07 7*207 6© 
7 s -f x z \z <t z m.13 n - m $ -n fa© 2 ^tc @^ * !&bj -r & 0-? & & 0 

^E«BtP^^b^$rt^«gp(z^^^^J-efeoT, 07 5&r>*07 6 t:^-r«fc 

^(3s ^i7D-7«2 4 3(3iif>^-;i/2 5 3£;&U 3; ^-gtf 2 5 2 £W IT 
Sr^Xi' 2 4 1 #l*Ija£*lTl>£o r^^24 \(Dtp>b\Z\±*^V 2 5 1 £ 
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4 lO^MfctttfWSMfT^ 5 4#tai*£>*iT^<5o ^7 2 5 4&^-;7 2 4 5 ©fg 
^E— * 2 4 5#Ell£-rsi; N ^=^72 5 4^(H^U Iti^^?nm^2 4 

*1\ 7 r-f ^4g2 5 0*P.JS^nfcM2 5 5 £fcT>*— ;i/ 2 5 3#8ttU.g> 
(07 7 ©*f#fn]©;tSc) o |Bll^{ct>^-;i/2 5 3©^giiM^2 4 8tf>t>m&ifi 

£©F*k 0 7 7©£5i^ -5=-f ^^7 10^©^Itj«2 5 6Cfot, M2 5 5 
*flt«J*gP^^^tO!3mri:^ X-Z (St^riq|-«$^|qi) ©2&7nHfc£*il*-«S 0 
^17D-72 4 3f*)©7 ;-?2 3 6iiSMFMt5^Y;^- h*77^A* 
T*fc*ft;fo&^o 

2 5 3©ra^2 4 1 ±©&ga fc«&j&c i±ttf£©&gtz&S 0 
^^0>^^-2 4 0©filb*f,l^c|t©l^a[ (bac) t, V-itUy? 
^■7-2 4 0©^gb*^SSJ® (bde) ^©^S^ls] C <fc Sft^flM* 

±13© 2 ooift^Ifet^ tc «fc D ±tM^©M^T©{ig n t- v y h /f- 

z®&oiz*mmm-v&, — 3©^se^«t% if^iaj^^rn] (x-z) ©^ 
^S7n-7t:iipn 5 7 7 < , ££#bs^-#7*d- 
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i ©ft^gp £ ^ r % %mm^u t , 

i: huib^ i <DKfeim(D *mnm & amines a* t, ©msb^ t - u > * ^ 

MIB^2©^M©HuHBf£r3b-U>^^hBalBm3©^gf5©^l^ • W&iyt*m& 

HuiB^2*fe(i^3©^gp©-^i3^(te>ti N ^sLLfzxm^^xxfmm^ 

££t>*iuBBAf}m:k<fct>^^ ^{^ 
© 'J> ft < t « te*§i§M« g fc fcfcSlilMfi© -^fcnT&fScrfcfc*!) hu IBT £ 

2. ltiH3^SRl^a5(is iulBA^SS^5)©^©^|Ri$^>ftl^-frS^2©^figp 
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3. mtz?£8&&aigffiftm\gntzyt<Dx^p hj^^mmz^m.^^^^^ h>i 
x mitffifr ?>x^f jifrmmm iz^mxt^, ytmx%t t , 

m \z m a -r 3 y&m l m t xmm a 
nt-rz ? u-a 2 izmmox.'f *-v>ymw<> 

mtmrn gtmm itmm-r % ytm. mvtmux xntztv znm 7 v x a xmm& n , 

m >7 it If WK X U X A * 3fe © jiff 7a U iz ft U T B& TO & ^ IrJ £ $fi 2: U T HI $6 £-5 
CI h Life ? U- A 3 tg3^©^-T ^ -i? > 

t l tz ? v - a 4 (3tB«©7^ ^ > >rmto 

NA > f 2 (n-1) <t>/f 4 (sfe^l) 
fc«U. f 2«^3©IEU>X6DM^8ESts f 4 t±fg 4 ©IE 1/ >XCD^gg«, 
n fci ? -y- ^ jfctt y \) x A ©JB#r^ 
^ii^-y-bTff^rUXACD^-y-tfCD^Jg, 

6. Hul3m2©@*f^hfuI3^ 4©IEl/>X©p E g£'J>&< £fc 1 o©^ — 
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£££^Sfchb£^U-A4£t3i&©}te^-^>^|go 
Zt*ftW.t L£^-A4tZH3«©^ ^-y>^So 

$ t&m * £ itmm-t % * m -r s 

c i: * t -r & z u - a 4 h3 m © it ^ * - v > vm. s <> 

1 1. MI3^#A^{i^S^^©^^^^S^^^^^^mt)Ansfc4?) 
©2*Affl^>>^;i^- K7 7M^-^fg l©IEP>XT*^£*u 

mmx^ hjm-^m&m 2 ©s^ris^ tm 3 ©ie u >x©^tt*«/$£*u 

tul3^m DtBl mtm 4 ©IE U >X t huH3^S ^^©^SW^m t) m-r & to 

1 2. ^3^3©iEU>X^Bu83^4©iEU>X©^l?gil^T©^^;*^fe-r 

NA > f 2 • (n-1) • Atfmax/ (2 • f 4) (s»4) 

f 4 {± BuiBm 4 ©IE U > X©^S£8t. 
n (iSu83^3ljittM^©@#r*. 
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A <i> m a x \±mm 2 o<MMM£©t£©&T^©^f[:gcD§A:{fi 
N Alilfct) £tj LpB:7 T-f A-ONA (mam X&Zo 
1 3. BuHB;fc#A^&i!uIB^^ 

1 4. HUHB^#A^«MHB^S^^cD^^^Cl£D^g^^^(z^^^DAtl 
£fc#>©2»A^>>^;i/^- K7^M-^|gi©iEl/>XT*«^£tw 

tuHBX^ h;i/#iSc^||&|jg 1 (D®#rfa^tm 2 >X©^T-e«J$£*u 

fufBX^ h;u^-^(i^2 (DI^]^f^S^^S3©iEl/>X©^rT*^^t^TV^ 
1 5. iiugB{uffl£§iiiT&3^-tf- tff^XU XA^IuIB^ 3 ©]El/ >X©P^{c|uHB^ 
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1 6. mtm®£mmT*&z?y\zB&7*)X2±tmzm2(Dmu>Z(Dmizffiiz? 

1 8 . fulB^SlD ttibgPfi^ l$&(Dj3iaUzJE(D^V— £J#*>froiiug3Sg 1 Elegit & 

2 1. BufB^JK^bglUiAOD, EOD, *n ^ 7 y PX*^ ±— m^-ftifr% 

22. mmft&mmte%ft¥mmi±7u*)iu 

2 3. tulB^g^^S^g^^ Mfi!c#iKM§W-r^*^g|5T, 

HulB^^^W^^? (AOM) T"&£ 

dh§#^i:1-^^lx-A2(3H3«CD^^^-^>^g 0 
2 4 . iluIBIg 1 (DftftMffitm 2 (DitfrmW 2\±}2 m±)(D4S%?(DMftfay T <i 
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2 6. iiug3^ll>^^©;>fe^l^tt^ 

2 9. BulBlslfeRTf^^^X^^^CD^ U v h£Wir& 
^h^r^hf £^ U-A 2 8 \zMm<Dit-( ^>^I D 

3 0. mj|3li]feRTt^^^X^^^©b'>^-;v^#-r?) 

3 2. MI3^(p]bT-#:(ciSit/-r^^t5c^^^TOtlS(t?>ti^, 
3 3. liut3#i^^#ryXAT-&£ 
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3 5 . itu§3^¥*T ny - h gtfh HuSB^H^ U h dispersion 
compensator (btvO^ 

3 6. fuH3^SW^^AI^1-a^©iS^*iSMt-^^l©|g^@^^^^ MSB 

- £ * t -f 3 ^ 1/ - A 1 £ I3«4<M 4 * - V > ^lo 
3 7. M^W(c}fiiprtg^^aficD^Ag|5h, 

mt^yy^ji^- \ i 7T^j*fr^ttimLtzmM&TmftZM&mMTzfe&!tim& 

m&cDmnzffiA^mift>titz, m^^m^^y bt, 
mmty^y vmmzm\-f^fitz%Km^^ 

^ t z ft m t r & ^ y o - m ° 

3 8. bu83MSI5^(1I$g^^7 H3l£W-£>ftT^£^T'j >^T&3 
C ^^#^^T^^ b-A 3 7 C|B«©^7*D-^ffi 0 
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39. mt^>^)v^—YyT 4 ^tfimtimuftyr-f ^ (pmf) 

^££F$^-r3£^-A3 7 {CHB«©^7*P-^So 
4 1. BUl3^^7''l'^N*#x';i / ^^— K:7t-|V\*T$>3 

3t^«n^l/-A4 0{dSB«©^rn-^So 

45. mm^ytJ-y^ >pta< h&-o©^#t4^gB^>^;i^-F7T-<n 

4 6. ^^(C^JlpT^^^lfflScD^A^h^ 
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